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SUMMARY OF NEW ISOTOPIC INFORMATION FOR LBA 1I

INTRODUCTION

As part of the collection of baseline information for LBA 11, Genwal Resources, Inc. is
currently conducting an extensive water isotopic data collection program. Samples have
been collected from springs and streams within LBA 1l and the existing Genwal lease area,
and from groundwaters within the existing Crandall Canyon Mine. These samples have been
analyzed for stable 62H and 6180 compositions, and for unstable'H ltritium) and 'oC

compositions. The locations of these samples are shown in Figure l. The solute chemistries
are represented as Stiff diagrams on Figure 1. The results of the isotopic analyses are
presented in Table 1. The computed mean residence times are given in Table 2. The stable
62H and 5r8O compositions are plotted in Figure 2. Thepurpose of this document is to
convey the preliminary findings of this ongoing investigation to date.

Since Mayo and Associates released its report Supplemental Hydrogeologic Information for
LBA I I (18 March 1997) Genwal has installed five new wells inside the Crandall Canyon
Mine. Each of the wells are constructed with 1.25 inch I.D. PVC pipe, and are plugged with
bentonite and sealed to the surface with cement. Two of these new wells, MW-6A and MW-
8, are completed in the Spring Canyon Member of the Star Point Sandstone. Well MW-6 is
completed in the Panther Member of the Star Point Sandstone. Well UDH 46-97 was drilled
upward into the Blackhawk Formation above the coal se:rm. Well MW-7 is completed
approximately 200 feet from the Joes Valley Fault system in the Spring Canyon Member of
the Star Point Sandstone. Additionally, a sample of groundwater was collected from new
mine workings which encountered the Joes Valley Fault system in 5s West (5ft West fault).
The results of the isotopic analyses for these locations are discussed below.

RESULTS

Spring Canyon Sandstone

MTry-64
MW-6A was drilled to a depth of approximately 105 feet to the Spring Canyon Sandstone
Member of the Star Point Sandstone just north of an east-west trending igneous dike. The
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water from MW-6 is of the Ca2*-Mg2*-HCO; chemical type which is similar to most other
waters within the mine. The '4C content of MW-6A is 8.75 pmc (percent modern carbon),
which, when modeled using Pearsons, Mooks, and Fontes models, yields a mean
groundwater residence time of between 14,500 and 15,400 years. The tritium (3H) content of
the water (0.20 TU) is near the laboratory detection limit. The stable isotopic 5'H and 6tto
composition of this water (6tH = -130o/oo, 6180: -17.4o/oo) is similar to that of the other in-
mine groundwater samples.

MW-8
MW-8 was drilled to a depth of approximately 105 feet to the Spring Canyon Member of the
Star Point Sandstone just south of the igneous dike. The water from MW-8 is also of the
Ca2* -Mg2* -HCO; chemical type. Groundwater from MW-8 has a significantly greater
residence time than does MW-6A. The r4C content of 4.90 pmc yields a mean groundwater
age of between 18,300 and 19,500 years. The 3H content (0.10 TU) is near the laboratory
detection limit. The stable isotopic 5'H and 6ttO composition of this water (5'H: -I3I%o,
5r8O : -I7.3o/oo) is similar to that of the other in-mine groundwater samples.

Panther Sandstone

MW-6
A single well, MW-6, was completed in the Panther Sandstone Member of the Star Point
Sandstone to a depth of 352 feet. The well is located adjacent to MW-6A near an altered
mafic igneous dike. The solute chemistry of the groundwater from MW-6 is different from
that of other groundwater samples from the Star Point Sandstone in the area. The laboratory
analysis indicates that the water is of the Caz* - OH- type. We believe that the areal extent of
this groundwater is probably limited and that its chemical composition is related to the
adjacent igneous dike. An investigation of the chemical origin of the MW-6 groundwater
was completed by David Tingey Analytical Consulting (DTAC). David Tingey of DTAC
has extensive experience with the chemistry and history of Igneous Dikes in the Wasatch
Plateau. DTAC concluded that the unusually high pH and elevated TDS of the water are the
result of serpentization of olivine minerals in the igneous dike in a relatively inactive
groundwater flow system. We agree with their findings. The t4C content of the groundwater
in this well (30.39 pmc) indicates a mean groundwater residence time of 6,000 to 6,900
years. The 3H content of 0.43 TU is near the laboratory detection limit. The stable isotopic
52H and SttO composition of this water (62H : -l3lo/oo, 6rtO : -17.2o/oo) is similar to that of
the other in-mine groundwater samples.

Blackhawk Formation

UDH 46-97
A vertical drill hole (UDH 46-97) was drilled upward from the mine workings into the
overlying Blackhawk Formation. This hole is open over its entire extent except for 4 feet of
surface casing. During drilling, no water was encountered in the Cottonwood coal seam
(approximately 50 feet above the Hiawatha seam). Water was encountered in the Blind
Canyon seam at approximately 94 feet. The groundwater drainage from this hole is minimal.
At the time of sampling, discharge was only 0.1 gpm. The groundwater discharging from
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UHD 46-97 is of the Ca2*-Mg2*-HCOitype. The measuredraC content of the groundwater
discharging from this drill hole (9.65 pmc) yields a mean groundwater age of between 12,300
and 13,800 years. The 3H content was near the laboratory detection limit at 0.00 TU. The
stable isotopic 52H and 6rtO composition of this water (52H: -I32%o, 6180: -17.4%oo) is
similar to that of the other in-mine groundwater samples.

Joes Valley Fault System

MW-7
Well MW-7 was drilled into the Spring Canyon Member of the Star Point Sandstone
approximately 200 feet from the Joes Valley Fault system. The groundwater in MW-7 is of
the Ca2* -Mg2*-HCOi type. The '4C composition of the groundwater from MW-7 (31 .85
pmc) yields a mean groundwater residence time of between 4,200 and 5,200 years. The 3H

content of 0.01 TU is near the laboratory detection limit. This calculated groundwater age is
similar to that of groundwaters taken directly from the fault system, but is much younger than
that of groundwaters taken from the Spring Canyon Member away from the fault. The stable
isotopic 62H and 6180 composition of this water (62H: -l3lyoo, 6180: -L7.3yoo) is similar to
that of the other in-mine groundwater samples.

5'h West Fault
Recently, the mine workings in the 5s West area in the northwestem portion of the existing
lease encountered the Joes Valley Fault system. Water discharging from the fault at the
mining face was sampled and, analyzed. The groundwater discharging from the Joes Valley
Fault at this location is of the Ca2*-Mg2*-HCO;type. A toc content of 34.99 pmc was
measured which yields a mean groundwater age of between 3,200 and 4,600 years. This age
is similar to that calculated for Joes Valley Fault system water encountered previously at the
western end of the West Mains. The stable isotopic 62H and SrtO composition of this water
(6tH : -l3l%o, 6ttO : -l7.syoo) is similar to that of the other in-mine groundwater samples.
The 3H content of this water sample is 0.95 TU.

SUMMARY

The findings of this most recent round of isotopic sampling support the conclusions of the
previous report by Mayo and Associates Supplemental Hydrogeologic Informationfor LBA
// (18 March 1997).

All of the 3H contents of groundwaters from within the mine are less than I TU.
Groundwaters from the Blackhawk Formation and Spring Canyon Sandstone Member of the
Star Point Sandstone have radiocarbon ages between about 13,000 and 20,000 years.
Groundwater from a single well in the Panther Sandstone Member of the Star Point
Sandstone is between 6,000 and 6,900 radiocarbon years. Groundwater in the Joes Valley
Fault system has a mean radiocarbon age between about 2,000 and 5,000 years. The water
discharging from Little Bear Spring is unquestionably of modern origin. Previous
investigations conducted by Mayo and Associates in the Wasatch Plateau and the Book Cliffs
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coal districts have shown that the overwhelming majority of springs discharge modern water.In Figure 3, mean groundwater residence timesL prott.a against rH compositions ofsamples collected by Mayo and Associatgg from ,p.ing, *a creeks, and from within coalmines in the wasatch Plateau and Book cliffs .oui n.iar. It is readily apparent that thewaters are partitioned into modern waters (most springs, creeks, and wells) which containabundant tritium, 
Tll.w."^19 

\vaters lmostty in-;in;;amples) which contain essentially notritium' The stable 
I'I *d 6'80 compositions 

"f;; 
gt;;dwaters from within the minecluster together in the- lower portions of the plot ir Fig*"}. The creek samples and LittleBear Spring sample.cluster together in the_upper port[n oittrc plot. This suggests dissimilarorigins for the in-mine waters-and the modern, near-surface waters. The groundwater fromthe Panther sandstone Member of the star Point Sandstone beneath the mine (Mw-6) has apH and a solute chemical composition which i, entiray Jifferent from that which dischargesfrom the Panther Sandstone at Little Bear spring. creurrv, ihe water discharging from LittleBear Spring is not derived from the *u1., beneath the minl near MW-6. All of thisinformation strongly suggests that the in-mine waters are hydrologically isolated from theshallowly circulating modern waters in overlying springs and creeks. The moderngroundwater discharging from Little Bear Spring i, noir"tuted to the groundwaterencountered in the mine and, thus, shoulo not ur"r-purtlJly future mining operations.
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Figure 1 Location of the Genwal study area with Stiff diagrams representing solute compositions

of groundwaters and surface waters.

I

I

I

I

I
I
I
I
rf
I
I

Little
Bear
Spring

o-
E
o(l)

- I
I

I
!

I
I

I
I

l
- . . - . . - . . 1

.4 li') I ''i
{ii

/ Fii'
( sEi i
) $;
\lt
)ii
{i
)l
li

I
I

!

J - . . - r

I
t



n]"0 Associates
geniso.spw 11 March 1997

-1 18

-120

-122

-124

-126

-128

-130

-132

-134

-136

-138

atto %o

o
bS
I

C\loo

, r r /4,
tp-e7 v

east roof
V-1 ./

Figure 2 Deuterium and oxygen-18 plot of groundwaters and surface waters in the vicinity of the Crandall Canyon Mine.



CI'r-
G'
(l)

(l)
o,

o
\t

20000

1 0000

(coal l.spl 3/5/97)

3H gu1

Mean groundwater residence time of springs, creeks, wells, and in-mine
samples from the wasatch Plateau and Book Cliffs coal districts plotted
against tritium concentrations.

Y
Y

a

v

o
D
A'

o
V
o
Y
a

Creeks and alluvium

North Horn Spring

Price River Spring
Castlegate Spring

Blackhawk Spring

Starpoint Spring

Blackhawk (n-mine)

Starpoint Qn-mng well, and faulQ
Y

v
o
a
D
rv

Y

Yrc
Y.

Figure 3



Table 1 Solute and isotopic composition of surface waters and groundwaters in the vicinity of the Crandall Canyon Mine.
genchem.xls 07 November 1997

T pH Cond. ca" Mg" Na' K' Hco3- co3- cl- soot- 6'H 5'oO 6"C
'C urnhostu -_ mg/L

r*c ,H

pmc TU

Springs
Little Bear Spring

Greeks
CrandallCreek
Huntington Creek

Blackhawk Formation
8th East roof drips
UDH 46-97

Joes Valley Fault system
Main West fault
Sth West Fault
MW-7

Star Point Sandstone
Spring Canyon Sandstone
MW.1
MW-2
MW.8
MW.6A

Panther Sandsfone
MW-6

10/95 and 9/961 8.9

3-Feb-97 2.5
3-Feb-97 0.6

3-Feb-97 11.9
5-Jun-97 10.7

3-Feb-97 9.3
5-Jun-97 '11.1

5-Jun-97 12.1

7.6 556

8.6 1124
8.7 387

8.4 407
8.1 504

507
520
511

62

66
51

10
50

37

47
17

341 7

130
I

5
5

29 -124 -16.8 -9.71 71.121 22.001

8953260
502250

0
0

3
4

7
29

730405
234606
2319010

57 28
62 32
62 32

7.95
I

7 .7

1 9
74
64
46

742

16
41
37
32

5

77
1 5

5
3
4

73
14
17
22

62

264
3 1 6

293 0
456 0
317 0
243 0

0 128

85 -126
15 -123

o -134
26 -132

32 -130
67 -131
33 -131

-17.2 -7.2 62.74 9.3
-16.8 -10.2 73.22 11.5

-18.2 -8.4 8.41 0.02
-17.4 -8.5 9.65 0

-17.7 -10.7 40.07 0.06
-17.5 -11 34.99 0.95
-17.3  -10 .8  31 .85  0 .01

3-Feb-97
3-Feb-97
5-Jun-97
5-Jun-97

5-Jun-97

12.7 7.9s 500
10.9 7.3 731
14.1 7.8 il7
14.2 8.2 U4

13.3 '12.6 6170

1 8
39
40
6 1

48

12
5
8

17

13

4
5
6

12

24

-134 -18.2
-133 -18_2 -11.2
-131 -17.3 -9
-130 -17.4 -10.1

-131 -17.2 -12.6

5 ; ; 0 ; ;
4.9 0.1

8.75 0.2

30.39 0.43

'samples collected Oct. 95 and Sept. 96 by Castle Valley Special Services District
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Galculated 14C - tH mean groundwater residence times for the Genwal Mine area.

Mean residence time (years)

613C = -2Oofio (gas) assumption D13C = -1Boio (gas) assumption

Greeks and springs
Little Bear Spring
Huntington Creek
CrandallCreek
Spring SP1-1a
Spring SP1-47
Spring SP1-37
Spring SP1-42a

Joes Valley Fault system
Main West fault
Sth West fault
MW-7

Blackhawk Formation
8th East roof drips
UDH 46-97

Starpoint Sandstone
Sping Canyon Sandsfone

MW-2
MW-6A
MW-8

Panther Sandsfone
MW-6

genage.xls 28 Jul 1997

Pearsons Mooks Fontes
Model Model Model

modern modern modern
modern modern modern
modern modern modern

Pearsons Mooks Fontes
Model Model Model

modern modern modern
modern modern modern
modern modern modern

,oc

pmc
6ttc
%o

71.12 -9.7 22.00
73.22 - ' t0.2 11.50
62.74 -7.2 9.30

29.24
38.20
33.30
19.20

40.07 -10.7 0.06
34.99 -1 1.0 0.95
31.85 -10.8 0.01

8.41 -8.4 0.02
9.65 -8.5 0.00

5.79 -11.2 0.03
8.75 - ' t0.1 0.20
4.90 -9.0 0.10

30.39 -12.6 0.43

tH

TU

2,400 2,100
3,700 3,000
4,400 4,200

13,300 14,800
12,300 13,800

3,600 2,100
4,600 3,000
5,200 4,200

14,200 14,800
13,100 13,800

2,100
3,000
4,200

14,800
13,800

2,100
3,000
4,200

14,800
13,800

18,800 18,800 18,800
14,500 14,500 14,500
18,300 19,500 19,500

6,000

19,600 18,800 18,800
15,400 14,500 14,500
19,200 19,500 19,500

6,900

Assumptions used in all calculations:
613C mineral = OYm

Activity r4C gas = 100 pmc

Activity l4C mineral = 0 pmc



DTAC David Tingey Anatytical Consutting
1824 East 750 South, Sprurgville, Utah 84663
phone: (801) 489-4577

Client: Mayo and Associates
710 East 100 North
Lindon, Utah 84042
(801) 796-021 I

Date: October 23.1997

requested by: Erik Peterson

Project: Genwal Resources Inc., water MW-6 investigation

Summary of conclusions: The chemical data reported by Commercial Testing and
Engineering Co. (CTE) is reasonably accurate. Water from well MW-6 has an unusual
calcium-hydroxide ( Ca2*-OH-)-tVpe composition, yet it is naturally occurring. This
unusual composition originated from the addition of calcium oxide (CaO) and the
consumption of hydrogen ion (H-) in the water as a result of serpentinitzation (alteration)
of olivine minerals in an ultramafic igneous dike located approximately 300 feet south of
the MW-6 wellhead. The stratigraphy below the Genwal Resources Inc., Crandall
Canyon #1 Mine, Hiawatha Seam is interpreted to have contributed to the formation of
this unusual water by causing a stagnant bounded water system in the Panther Sandstone
that is dammed by the dike. Neither mining operations in the Crandall Canyon # I Mine
nor drilling of the MW-6 well have adversely affected the water composition.

Problem: Water sampled from well MW-6 has an unusually high pH (12.6 field).
Chemical data reported by Commercial Testing and Engineering Co. Huntington office
(CTE) has a cation/anion balance error of 75.7% (CTE data for MW-6 included at the
end ofpaper). Errors over 5Vo are generally considered suspect and an indication ofan
inaccurate chemical analysis. The lab reported that the water sample has high hydroxide
alkalinity which was not reported. The presence of hydroxide in high concentrations
balances the cations and would correct the enor balance. Is this data accurate and if so
how does a natural water of this composition originate?

Methods: Field reconnaissance to determine the geologic setting and to inspect the well
construction; chemical analysis of the water sample by: Atomic Absorption
Spectrometery (AA), Ion Chromatography (lC), and wet chemistry titration; analysis of
solid residue after evaporation of the water by; X-ray Fluorecence Spectrometery (XRF),
X-ray Diflraction (XRD), and chemical tests; laboratory experiments to synthesize a
water of similar composition.

Data: Well MW-6 was drilled in the floor of Genwal Resources Inc., Crandall Canyon
#l Mine. The mine is located in the Hiawatha Seam which sits on the Spring Canyon
member of the Star Point Sandstone. All indications are that the well was constructed
using conventional techniques with PVC pipe casing. Gary Gray's field notes document



that the well bottomed out in the Panther Sandstone member and is screened at this
horizon. Above the screen horizon, conventional techniques were used to seal around the
casing with bentonite pellets and concrete. The well stem is approximately 3 feet tall
and had a well-purge pipe extending down the well which also capped the well. The rvell
has been purged several times, likely displacing a volume of water sufficient to remove
any contamination which might have been introduced during well construction. A
second, shallower well is located approximately l0 feet east of the MW-6 well. Erik
Peterson from Mayo and Associates said that analysis of water from this shallorver well
is normal and similar to water sampled from other wells in the area. Gary Gray indicated
that the two wells were drilled at the same time using the same techniques.

Located approximately 300 feet south of the MW-6 wellhead, the Hiawatha coal seam is
cut by a 3 foot wide, vertical, N80"W-striking ultramafrc minette dike. Within the coal
seam the dike is extremely altered to calcite and clay. The only primary mineral
remaining is a trace of phlogopite (mica). The dike, which cuts the Hiawatha coal seam
in the Crandall Canyon #l mine, is part of a more extensive swarrn of dikes located in
the Wasatch Plateau. Several dikes in the swarm with N801V orientations have been
dated by K-Ar methods and indicate these dikes were emplaced 24 million years ago
during the Miocene (Tingey and others, l99l). Fresh unaltered minette dikes are
minerallogically composed of phlogopite, olivine, and pyroxene.

Chemical analysis in our laboratory of water MW-6 using standard EPA methods has
shown that the analysis completed by Commercial Testing and Engineering Co ,
Huntington Office (CTE) is reasonably accurate (see CTE data). I measured a pH of 12.3
and determined that the water had high concentrations of calcium as the prtmary catlon
and low concentrations of the anions bicarbonate. carbonate, chloride and sulfate.
Titration of the water with dilute HCI indicated that the water has a high hydroxide
alkalinity as reported by CTE. Hydroxide (OH-) wrth a concentration of approximately
575 mglL would balance the cations present in water MW-6. Qualitative XRF analysis
for elements heavier than atomic number l3 indicates that the residue is composed of
calcium (Ca) with lesser amounts of sulfur (S), chlorine (Cl), potassium (K),
phosphorous (P), and strontium (Sr). XRD analysis of the residue showed that it is
composed of calcium oxide (CaO) and lesser amounts of calcite (CaCO.).

Laboratory experiments were set up to synthesize a water of similar composition to MW-
6. Measured amounts of CaO, CaCOr, and Portland Cement were added to three beakers
of ultrapure DI water (filtered to 0.2 micron and processed through a Millipore rvater
purification system). The amount of reagent added was calculated to give a calcium
concentration similar to that measured in water VtW-6. Portland cement was
investigated as a possible contaminant introduced during well construction. The results
of these experiments indicate that the addition of CaO produced a water chemistry
similar to that of water MW-6 with a pH of 11.7 and similar chemical properties during
titration. The addition of CaCOr, and Portland Cement produced water chemistries
unlike MW-6 and can be ruled out as possible explanations for this unusual water
chemistry.



Discussion and Conclusions:

The chemical data for water sample MW-6 reported by Commercial Testing and
Engineering Co. (CTE) is reasonably accurate and agrees with the data collected in our

laboratory. Water from the MW-6 well can best be described as naturally- occurrrng,

having an unusual calcium-hydroxide (Ca2.-OH'ltype composition. Mining operations

in the-Crandall Canyon #l Mine or the drilling of well MW-6 have had no impact on the

water composition.

Meteoric water with unusally high pH and a calcium'hydroxide (Ca2+-OH-)-fype

composition whicha1.. urroiiuted with utramafic rocks have been reported by Barnes and

others, (1967) for several locations in California, and by Maksimovic and others, ( 1995)

in Serbia. Waters from Red Mountain Stanislaus County, and Santa Clara Counry'

California have a pH of 11.78 and 12.01 with calcium as the primary cation, low

magnesium concentration and no detectable bicarbonate and carbonate (Barnes and

othirs, 1967). These unusual hydroxide- balanced waters are attributed to

serpentinizaiion of olivine in ultramafic rocks wtrich contributes CaO to the water' ln the

U.S. Geological Survey Water-supply paper 2254, (Hem, 1992) the formation of these

unusually-high pH *ui.r, associaied with ultramafic rocks is attributed to reactions

consuming H- at a higher rate than the influx of carbon dioxide species' Calcium oxide

(CaO) released into the water disassociates in the following reaction: CaO + H* + Ca2'+

OH'. As the H- ions are consumed the pH goes up. In order for this unusual water to be

formed these conditions must also include itre lack of carbon dioxide (cor) species being

added to the system. If CO2 is added to the system, carbonic acid forms and calcite

(CaCOr) precipatates from the water, causing the pH to drop'

The structural relationship between the vertical N80"W- striking ultramafic igneous dike'

the Panther sandstone, and the low permeable shales above and below the Panther

sandstone have contributed to the formation of this unusual water. The local gentle dip

of the Panther sandstone towards the ultramafic dike, combined with the bounding

shales, creates a stagnant water system dammed by the dike. These conditions within the

Panther sandstone allowed time for this unsual water to form from the slow chemical

reactions taking place as the olivine minerals within the dike serpentinized, releasing

calcium oxide (CaO). Low water flow rates have also contributed by keeping an influx

of carbon dioxide from entering the water system.
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GEOCHRON LABORATORIES a divtsron of
KRUEGER ENTERPRISES. INC.
7 1 1  C O N C O R O  A V E N U E  I  C A M B R I D G E .  M A S S A C H U S E T T S  0 2 1 3 8  +  U . S , A
TELEPHONE.  (6 ' l  7 )  875.3691 TELEFAX:  (617)  661-0148

MDIOCARBON AG E DETERM I NATION REPOFT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23181 -PRI

l e t t e r  o f  06 /17 /97

Mr .  E r i k  Pe te r sen
Mayo  and  Assoc ia tes
710  Eas t  100  No r th
L indon ,  U tah  84042

Date Received: 06 / 23/ 97

Date Reoorted: 06 / 27 / 9T

Samole Name: MW-6A

AGE = 19,570  + / -  1 '510  c -14
(8 .75  + / -  1 .63)  % o f

years  BP (C-1  3
bhe  modern  (1950

co r rec ted  )  .
)  C -14  ac t i v i f y .

Desc r i p t i on :  samp le  o f  g roundwa te r  p rec  i p i t aLe  .

P re t rea tmen t :  The  ba r i um sa l t  p rec ip i t a te  was  rap id l y  Vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed '  unde r  vacuum to  r ecove r
ca rbon  d i ox i de  f r om the  ba r i um ca rbona tes  f o r  t he
ana l ys i s .  C -13  ana l ys i s  was  made  on  a  sma I l  po r f i on
o f  t he  same  evo l ved  gas .

Comment:

6 t 3 C p o e  - - 1 0 . 1 n

Notes: This date is based upon the Libby half life (5570 years) forlaC. The error stated is +1o as judged
by the analytical data alone. Our modern standard is 95% of the activity ol N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a div ls ion or

KRUEGER ENTERPRISES, INC.
7 I J  C O N C O R O  A V E N U E  .  C A M B R I O G E ,  M A S S A C H U S E T T S  0 2 1 3 8  .  U . S ' A

T E L E P H O N E  ( 6 1 7 )  8 7 6 - 3 6 9 1  T E L E F A X :  ( 6 1 7 )  6 6 1 ' 0 1 4 8

MDIOCARBON AGE DETERMI NATION REPOFT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23182 -PRI

l e f t e r  o f  06 /17 /97

Mr .  E r i k  Pe te r sen
Mayo  and  Assoc  i . a t es
710  Eas t  100  No r fh
L indon ,  U fah  84042

Date Received: A6 / 23 / 97

Date Reoorted: 06 / 27 / 97

Samp le  Name:  5 th  Wes f  Fau I t

AGE = 8 ,440  + / -  270  C -14
(34 .99  + / -  1 .17 )  %

vears  BP (C-1  3
6r  the  modern

co r rec ted  )  .
(  1  950  )  C -1  4  ac f i v  i tY .

Descript ion:

Pretreatment:

Samp Ie  o f  g roundwa te r  p rec ip i t a te .

The  ba r i um sa l t  p rec ip i t a te  was  rap id l y  vacuum f i l f e red

and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum fo  r ecove r
ca rbon  d  i ox  i de  f  r . om  the  ba r i um ca rbona tes  f  o r  f  he
ana l ys i s .  c -13  ana l ys i s  was  made  on  a  sma l l  po r t i on

o f  t he  same  evo l ve f  gas .

Comment:

r 1 3 n  - - 1 1 . 0U VPOB -

Notes: This date is based upon the Libby half  l i fe (5570 years) forraC. The error stated is +1o as judged

by the analyt ical  data alone. Our modern standard is 95% of the act iv i ty of N.B.S. Oxal ic Acid.

The age is referenced to the year A.D. 1950.

.|



GEOCHRON LABORATORIES ad iv ts ion  o l
KRUEGER ENTERPRISES, INC.
7 I I  C O N C O R D  A V E N U E  .  C A M B R I O G E .  M A S S A C H U S E T T S  0 2 1 3 8  }  U ' S . A
T E L E P H O N E .  ( 6 1 7 )  8 7 6 . 3 6 9 1  T E L E F A X  ( 6 1 7 )  6 6 1 . 0 1 d 8

RADIOCARBON AGE DETERMI NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23155 -PRI

l e t t e r  o f  06 /06 /97

Mr .  E r i k  Pe te r sen
Mayo  and  Assoc ia tes
710  Easb  ' 100  No rbh
L indon ,  U tah  84042

Date Received:  06 /  10 /  97

Oate Reported: 06 / 17 / 97

samp le  Name:  MI^ t -8  (05  June  1g97  )

AGE = 24,200  + /  -  3 ,400  C-1
(4 .90  + / -  1 .67)  % o f

4  yea rs  BP  (C -1  3  co r rec ted  )  .
t he  mode rn  (  1  950  )  C -1  4  ac f i v  i tY  .

Descript ion:

Pretreatment:

Samp le  o f  g roundwa te r  p rec ip i f a te .

The  ba r i um sa l t  p rec ip i f a te  was  rap id l y  vacuum f i l f e red
and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum fo  r ecove r
ca rbon  d i ox i de  f r om the  ba r i um ca rbona tes  f o r  t he
ana l ys i s .  C -1  3  ana l ys i s  was  made  on  a  sma11  po r t i on
o f  t he  same  evo l ved  gas .

Comment: Sma11  samp le  I  app rox  ima fe l y  0  . 5  1  g rams  ca rbon  .

. 1 1 ^  . \  n
6 ' " C p s 6  = -  Y . U  L

Notes: This date is based upon the Libby half  l i fe (5570 years) for laC. The error stated is *1o as judged
by the analyt ical  data alone. Our modern standard is 95% of the act iv i ty of N.B.S. Oxal ic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adrv rs ionor
KRUEGER ENTERPRISES, INC.
7 I I  C O N C O R O  A V E N U E  T  C A M B R I D G E ,  M A S S A C H U S E T T S  0 2 1 3 8  }  U ' S . A
T E L E P H O N E  ( 6 1 7 )  8 7 6 . 3 6 9 1  T E L E F A X :  ( 6 1 7 ) 6 6 1 ' 0 1 4 8

MDIOCARBON AGE DETERMI NATION REPOBT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23157  -AMS

te le fax  rec  rd  06 /25 /97

Mr .  E r i k  Pe te r sen
Mayo  and  Assoc ia fes
710  Eas t  100  No r th
L indon ,  U tah  84042

Date Received: 06 / 10 / 97

Date Reoorted: 07 / 22/ 97

Sample Name: MW-6

AGE - 9 '570  + / -  60  C-1q
(  30  .39  + /  -  0 .20  )

years  BP (C-13
% o f  the  modern

co r rec ted  ) .
(  1950 )  C -14  ac f i v i tY

Descript ion:

Pretreatment:

Samp le  o f  g roundwa te r  p rec ip i f a te .

The  ba r i um sa l t  p rec ip i l a t e  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum to  r ecove r
ca rbon  d i ox i de  f r om fhe  ba r i um ca rbona tes  f o r  f he
ana l ys i s .  C -13  ana l ys i s  was  made  on  a  sma l l  po r t i on
o f  t he  same  evo l ved  gas .

The  samp le  was  ve ry  sma l I  and  ana l ys i s  by  acce le ra to r
mass  spec t rome t r y  (AMS)  was  requ i red .

Comment:

6 t 3 C o o .  -  - 1 2  . 6 .'

Notes: This date is based upon the Libby half life (5570 years) for laO. The error stated is t1o as judged

by the analyt ical  data alone. Our modern standard is 95% of the act iv i ty of N.B.S. Oxal ic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divrs ion of
KRUEGER ENTERPRISES. INC.
7 l l  C O N C O R D  A V E N U E  r  C A M B R I D G E .  M A S S A C H U S E T T S  0 2 1 3 8  .  U . S . A
T E L E P H O N E .  ( 6 1 7 )  8 7 6 . 3 6 9 1  T E L E F A X :  ( 6 1 7 )  6 6 1 - 0 1 4 8

MDIOCARBON AGE DETERM I NATION REPORT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23156 -PRI

l e t t e r  o f  06 /06 /97

Mr .  E r i k  Pe te r sen
Mayo  and  Assoc ia fes
710  Eas f  100  No r th
L indon ,  U tah  84042

Date Received: 06 / 10 / 97

Date Reoorled: 06 / 17 / 97

Sample  Name:  UDH 46-97 (  05  June 1997 )

AGE - 18,780  + / -  1 ,140  C-14  years  BP
(9 .65  + / -  1 .28)  % o f  fhe  modern

(C-1  3  co r rec ted  ) .
(1950)  C-14  ac t i v i tY .

Description:

Pretreatment:

Samp le  o f  g roundwa te r  p rec ip i t a te .

The  ba r i um sa l t  p rec ip i t a te  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum to  r ecove r
ca rbon  d i ox i de  f r om fhe  ba r i um ca rbona tes  f o r  f he
ana l ys i s .  C -13  ana l ys i s  was  made  on  a  sma l l  po r t i on
o f  f he  same  evo l ved  gas .

Comment: Sma11  samp le ;  app rox ima te l y  0 .67  g rams  ca rbon .

r 1 1 a - R q
6 ' J C p 9 g  =  

-  t ' l ' )  
L

Notes: This date is based upon the Libby half l i fe (5570 years) forlaO. The error stated is *1o as judged
by the analyt ical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES ad iv rs iono l
KRUEGER ENTERPRISES, INC.
71I  CONCORO AVENUE .  CAMBRIOGE.  MASSACHUSETTS O2 ' I38  '  U .  S .  A
T E L E P H O N E  ( 6 1 7 )  8 7 6 . 3 6 9 1  T E L E F A X :  ( 6 1 7 )  6 6 1 - 0 1 4 8

MDIOCARBON AGE DETERM I NATION REPOFT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-23154 -PRI

l e t t e r  o f  06 /06 /97

Mr .  E r i k  PeLe rsen
Mayo  and  Assoc ia tes
710  Eas t  100  No r th
I  i n r l o n .  l l t a h  8 4 0 4 2! r r r s v r r  t

Date Received:  06 /  10 /  97

Date Reoorted: 06 / 17 / 97

Samp le  Name:  MW-7  (05  June  1997  )

AGE -- 9,190  + / -  260  C-14  years  BP (C-13  cor rec ted) .
(31 .85  + / -  1 .02)  % o f  the  modern  (1950)  C-14  ac t i v i t v '

Description:

Pretreatment:

Samp le  o f  g roundwa te r  p rec ip i t a te .

The  ba r i um sa l t  p rec ip i t a te  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum to  r ecove r
ca rbon  d i ox i de  f r om the  ba r i um ca rbona tes  f o r  t he
ana l ys i s .  C -1  3  ana l ys i s  was  made  on  a  sma11  po r t i on
o f  t he  same  evo l ved  gas .

Comment: Re la t i ve l y  sma l l  samp le ;  app rox ima te l y  0 .96  g rams  ca rbon .

A 1 3 c ^ ^ -  -  - 1 0 . 8  
" lu  V P O E -  b

Notes: This date is based upon the Libby half  l i fe (5570 years) for laC. The error stated is *1o as judged
by the analyt ical  data alone. Our modern standard is 95% of the act iv i ty of N.B.S. Oxal ic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a crivision of
KRUEGER ENTERPRISES. INC.
7I1  CONCORD AVENUE + CAMBRIOGE,  MASSACHUSETTS 02138 +  U S A
TELEPHONE:  (617)  876-3691 TELEFAX:  (617)  661-0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submi t t ed  by :  E r i k  C .  Pe te r sen
Mayo  and  Assoc ia tes
710  Eas t  100  Non th
L indon ,  UT  84042

Date Received:  06 /  10/  97

Date Reported' 07 / 1 4 / 97

Your Reference:  Let tef  of
June  6 ,  1997
Genwa 1

Our Lab.
Number

Your Sample
Number Description 6D ' 618o'

H0R-94048  MW-7

H0R-94049  MW-8

HoR-94050  UDH 46-97

HOR-9405  1  MW-6

**  Dup l i ca te  ana lyses  on

Wate r

Wa te r

Wa te r

Wa te r

sepa ra te  a l i quo t s

**  _17.3

-17 .3

* *  -17 .4  -17 .4

-17 .2

sample  .

-131  -131

_ i31

-132  -1  31

_131

o f  o r ig ina l

* t

'Unless otherwise not€d, analyses are reported in 'L notation and are computed as tollo#g:

D/H standard is SMOW
180/160 standard is SMOW

"Double atom ratio

D/Hsrandard = 0.000316"
18o/t6o"1"n6"r6 = 0.639948"

6Rs6p6?- = [ i'"'o'" -r I r rm
[ \tanoaro I



GEOCHRON LABORATORES a c,iv,sion ol
KRUEGER ENTERPRISES. INC.

STABLE ISOTOPE RATIO ANALYSES

7 1 1  C O N C O R D  A V E N U E  +  C A M E R I O G E .  M A S S A C H U S E T T S  0 2 1 3 { I  }  U . S , A
IELEPHONE:  (617)  876-3691 TELEFAX:  (617)  661-0148

REPORT OF ANALYTICAL WORK

S u b m i t t e d  b y :  E r i k  P e t e r s e n
Mayo  and  Assoc ia tes
710  Eas f  100  No r th
L indon ,  UT  84042

Date Received: 0 6 / 23/ 97

D a t e R e p o r t e d ,  0 7  / 1 4 / 9 7

Your  Reference:  Genwal  Resources
Gary  Gray

Our Lab.
Number

Your Sample
Number Description 618o'6D '

H0R-94183  MW-6A 5  JUNE 1997

H0R-94184  5 th  Wes t  Fau l t
5  JUNE 1997

Wate r

Wa te r

-130

_131

- 17 .4

?  1 -  l l-  |  t  . )  -  l /  . e * i

* *  Dup l i cabe  ana l yses  on  sepa ra te  a l i quo t s o f  o r i g i na l  samP le .

'Unless"otherwis€ noted, analyses are reported in L notation and are compuled as tollowg:

6 R s 6 p 1 6 7 - =  [ i " " ' o ' "  - ,  l t , o m
f \tanoaro J

Where:

D/H standard is SMOW
180/160 standard is SMOW

"Double alom ratio

D/Hsrandard = 0.000316.'
18o/16O.1"n6"r6 = 0.00399€"



GEOCHRON LABORATORIES a dvrsion of
KRUEGER ENTERPRISES. INC.

STABLE ISOTOPE RATIO ANALYSES

71I  CONCORO AVENUE + CAMBRIOGE.  MASSACHUSETTS 0213T}  }  U .S.A
TELEPHONE.  (617)  876-3691 TELEFAX:  (617)  661.01 ,18

REPORT OF ANALYTICAL WORK

Submi t t ed  by :  En i k  C .  Pe te rSen
Mayo  and  Assoc ia tes
710  Eas t  100  No r th
L indon ,  UT  84042

Date Received: 06 /  10/ 97

Date Reported' 0 9 / 02/ 97

YourReference: Lefter of l
J u n e  6 ,  1 9 9 7
G e n w a  1

Our Lab.
Number

Your Sample
Number Description 631s '

s R - o l o q 2

sR-94053

sR-94054

sR-94055

* *  Dup l i ca te

* * *  Due  t o
rece i ved  and
mosb  1 i ke l y

MW-7

MW-B

UDH 46 -97

MW-6

BaSO 4

BaSO4

BaSO4

BaS04

+17  . 1

+18 .6  +18 .7  * *

+26 .9

+13 .0  +9 .8  l t * *

ana l yses  on  sepa ra te  a l i quo t s  o f  o r i g i na l  samp le .

sma l l  amoun t  o f  BaCOa ,  two  samp le  bo f t l eS  O f  MW-6  we re
p repa red  on  d i f f e re f i t  da tes .  D i f f e rence  i n  r esu l f s  a re

due  f o  i nhomogene iby  be fween  bhe  two  samp le  bo f f l es .

'Unless otherwise noted, analys€s are reported in 'L nolation and are computed as follows:

l- 3ci32e I
6ssr" .o , " ' r -= l -#9 - r  lx rcm

L 
*S/*Sstandaro 

J

Where:

gS/32S 
standard is Caflon Diablo lroilite

3191325 - 0.045@4s



GEOCHRON LABORATORIES a dvrsion o'
KRUEGER ENTERPRISES. INC.

STABLE ISOTOPE RATIO ANALYSES

711 CONCORO AVENUE }  CAMBRIOGE.  MASSACHUSETTS 02138 +  U.S.A
TELEPHONE:  (617)  876-3691 TELEFAX:  (617)  661 '0148

REPORT OF ANALYTICAL WORK

Submi t tedby :  E r i k  Pe te rsen
Mayo  and  Assoc ia tes
710  Eas t  100  No r th
L indon ,  UT  84042

DateRece ived:  O6 /23 /97

Date Reeorted. 09/02/ 97

Your Reference: Genwa I  Re s ou rc e s
G a r Y  G r a Y

Our Lab.
Number

Your Sample
Number 6Ys 'Description

+15 .0  +15 .2

+ 1 1 . )

T *
SR-94181  MW-6A  5  JUNE 1997  BaS04

SR-94182  5eh  Wes f  Fau lL  BaS04
5  JUNE 1997

* *  Dup l i ca te  ana l yses  on  sepa ra te  a l i quoLs o f  o r i g i na l  samP le .

'Unless otherwise not€d, analys€s are reported in 'tr- notation and are comput€d as follows:

6ss"" .01"L= 
[m 

_, ] , . . ' *

Where:

3S/32S standard is Canon Oiablo troilite
gs/Ps = o.o4soo4s



Clienc: l . lAYO and ASSOCIATES
Recvd :  97  /06 /10
J o b *  :  9 6 0
F ina l  :  97  /07  /08

Cust I-A,BEL INFO JOB.SX REFDATE QUANT ELYS 'r.t I

CENWAL Purchase Order :  97  -  103 ,  97  -  104
Contac t :  K .  Payne 801/795-0211
710 E. 100 North:  . (F) ! .2t :?t^ l r"

L l n o o n .  u r  o 1 + u 4 z

E I U

MAYO-
MAYO.
I',TAYO -

MAYO-
MAYO-
MAYO-

t_000
1000
1000
L000
1000
1000

27s
2 7 5
2 7 5
275
275
2 7 5

l'tl,^l- 7
MW- 8
uDH46 -  97
Ml.r- 5
MW.5A
5TH WEST FAULT

0 .01  0 .  09
0 .10  0 .09

-0 .07  0 .09
0 .43 *  0 .09
0 .20  0 .09
L .25  0  .  09

950  .  01
960 .02
960 .03
960 .04
960  .  05
960 .05

970605
970605
9 7 0 6 0 5
9  7 0 5 0 5
9  7 0 5 0 5
9 7 0 6 1 1

*  Average of  dupl icate runs



Cl ienc :  I {AYO and  ASSOCIATES
R e c v d  :  9 7 / 0 9 / I L
Job*  :  99L
F i n a l  :  9 l  / 1 0 / O L

Cus E LA,BEL INFO

P u r c h a s e  O r d e r :  9 7 - 1 0 9
C o n t a c t :  K .  P a Y n e  8 O L / 7 9 6 - 0 2 1 1
710 E.  100 Nor th :  . (F)  ! .2 t :?2?r"

L lnc lon .  u  I  o . rv . - l z

JOB. SX REFDATE QUANT ELYS e l u

U  L I \  W A L

MAYO - GEI'IWAL. 5TH WEST FAULT 9 9 1 . 0 1 970820 1000 2 7 5 0 . 9 5  0 . 0 9
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M l r < p  r r . . r . , 1 . i  u r r , ' l ' o r - a l
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